1. Introduction {#j_med-2018-0061_s_001}
===============

With high morbidity and mortality, melanoma has been shown to account for over 85% of skin cancer deaths, resulting in a serious socio-economic problem in the world \[[@j_med-2018-0061_ref_001], [@j_med-2018-0061_ref_002], [@j_med-2018-0061_ref_003]\]. In recent years, the incidence of malignant melanoma has been increasing with an annual growth rate of 3% - 7% \[4\]. Early melanoma can be cured by surgical resection, however, metastatic melanoma could be resistant to radiotherapy and chemotherapy in the event of dissemination, resulting in a high mortality in advanced patients \[[@j_med-2018-0061_ref_003], [@j_med-2018-0061_ref_005], [@j_med-2018-0061_ref_006], [@j_med-2018-0061_ref_007]\]. Therefore, it is necessary to find new therapeutic targets and strategies to effectively block the progression and metastasis of melanoma.

Cannabinoids have been revealed to have anti-tumorogenic activity for inhibiting tumor cell proliferation and promoting apoptosis \[[@j_med-2018-0061_ref_008], [@j_med-2018-0061_ref_009], [@j_med-2018-0061_ref_010]\]. Thence, cannabinoids has been forced as a potential chemotherapeutic agent for the therapy of cancer. The function of cannabinoids is carried out through cannabinoid receptor 1 (CB1) and CB2, G protein-coupled receptors. CB1 is primarily expressed in the brain, while CB2 is exclusively expressed in immune cells \[[@j_med-2018-0061_ref_010], [@j_med-2018-0061_ref_011]\]. CB1 and CB2 have been found to express in some tumor cells, including melanoma \[[@j_med-2018-0061_ref_012], [@j_med-2018-0061_ref_013], [@j_med-2018-0061_ref_014]\]. MDA-19, N\'-\[(3Z)-1-(1-hexyl)-2-oxo-1,2-dihydro-3H-indol-3-ylidene\] benzohydrazide, a novel CB2 agonist, has been demonstrated to have the function of relieving neuropathic pain without potential adverse effect on the central nervous system \[[@j_med-2018-0061_ref_015]\]. Some synthetic CB1 and CB2 agonist are found to play a role in inhibiting the tumor growth and metastasis \[[@j_med-2018-0061_ref_012], [@j_med-2018-0061_ref_016], [@j_med-2018-0061_ref_017]\]. However, there are no studies available to explore the effect of MDA-19 on melanoma progression.

In the present study, we observed that MDA-19 treatment inhibited melanoma cells in a dose-dependent manner, and effectively inhibited cell proliferation, migration and invasion of melanoma M14 and UACC257 cells and promoted their apoptosis. Furthermore, our study found that the expression of marker proteins of epithelial-to-mesenchymal transition (EMT) was also modulated by MDA-19 in melanoma cells in vitro. More importantly, we substantiated that MDA-19 modulates the biological behavior of melanoma cells by suppressing the PI3K/Akt pathway. Based on these results, MDA-19 is a potentially effective anti-cancer agent for therapy of melanoma.

2. Materials and methods {#j_med-2018-0061_s_002}
========================

2.1. Cells culture {#j_med-2018-0061_s_002_s_001}
------------------

The melanoma cell lines, M14 and UACC257, were obtained from the Cell Bank of the Chinese Academy of Sciences (China), and cultured in RPMI-1640 (HYCLONE, USA) medium containing 10% FBS (Gibco, USA) at 37°C with 5% CO~2~.

2.2. Dose-dependent assay {#j_med-2018-0061_s_002_s_002}
-------------------------

M14 and UACC257 cells were treated with different concentrations of MDA-19 (0, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, and 200 μM), and CCK8 kit (Beijing solarbio science & technology, China) was performed to detect the absorbance after 24 h of incubation. Cells were cultured with CCK8 reagent (10 μl/well) at 37°C for 90 min before the detection.

2.3. Proliferation and viability assay {#j_med-2018-0061_s_002_s_003}
--------------------------------------

CCK8 and colony formation assays were performed to evaluate cell proliferation and viability of M14 and UACC257 cells. For CCK8 assay, about 1×10^3^ cells were seeded in each well of 96-well plate and cultured for 24h. Cells were treated with MDA-19 for treatment group or DMSO for negative control (NC). Cell proliferation was detected by CCK8 kit every 24 h. For the colony formation assay, treated cells were seeded about 500 cells in each medium to culture at 37°C with 5% CO~2~ until cells formed sufficiently large colonies. Cells were fixed with 1 ml 4% paraformaldehyde for 30 min followed by staining with crystal violet for 30 min. The number of colonies were counted and pictures were taken.

2.4. Migration and invasion assay {#j_med-2018-0061_s_002_s_004}
---------------------------------

For invasion assay, Transwell chamber coated with Matrigel were used for the cell invasion assay. Cells were treated with MDA-19 for treatment group or DMSO for NC and cultured for 24h. Treated cells were trypsinized and re-suspended in serum-free culture medium, and about 1×10^4^ cells were transferred to the upper chamber, and complete medium was added to the lower chamber. After incubation for 24h, non-invading cells were removed and cells were fixed with 4% paraformaldehyde. Then, 0.1% crystal violet was used to stain cells for 20 min. The invaded cells were imaged and counted under the microscope.

For the migration assay, the method of migration assay was similar to the invasion assay except for the absence of Matrigel and the number of cells were 5×10^3^.

2.5. Apoptosis assay {#j_med-2018-0061_s_002_s_005}
--------------------

Flow cytometry was performed to examine cell apoptosis using Annexin V-FITC- PI apoptosis detection kit (4A Biotech, China). Briefly, after incubation with MDA-19 or DMSO for 24h, cells were treated with serum-free medium for 24h with starvation. After that, cells were re-suspended in 1× binding buffer (10 mM HEPES/NaOH \[pH 7.4\], 140 mM NaCl, 2.5 mM CaCl~2~) at a density of 1-5×10^6^ cells/ml. 100 μl cell suspension was stained with 5 μl of Annexin V-FITC for 5 min incubation in the dark, and then cultured with 10 μl of PI for 2min. The apoptosis rate was analyzed by a flow cytometer (BD FACSC anto II, BD Biosciences, USA), and calculated by BD FACSDiva software.

2.6. Western blot assay {#j_med-2018-0061_s_002_s_006}
-----------------------

After incubation with MDA-19 or DMSO for 48h, cells were collected and lysed using ice-cold RIPA Lysis Buffer (CWBIO, China), then BCA Protein Assay Kit (Beyotime, China) was performed to detect protein concentration. 20 μg of protein of each sample was loaded to each lane and resolved by 10% 24 SDS-PAGE gel. Thereafter, protein was transferred to a PVDF membrane (Millipore, Bedford, USA) and blocked with 5% non-fat milk for 1 h at room temperature. Then, the PVDF membrane was incubated with primary antibodies at 4°C overnight. After washing with TBST 3 times, the membrane was incubated with the secondary antibody for 1h. After the membrane was washed, chemiluminescence detection kit was used for signal development. The primary antibodies used were as followed: anti-Bcl-2 (1:1000), anti-Bax (1:1000), anti-Caspase3 P17 (1:1000), anti-E-cad (1:1000), anti-N-cad (1:1000), anti-Vimentin (1:1000), anti-Slug (1:1000), anti-VEGF (1:1000), anti-p-P70 (1:1000), anti-Cyclin D1 (1:1000) and anti-GAPDH (1:5000) were obtained from PTG Company (USA); anti-Akt (1:1000) and anti-p-Akt (1:1000) were obtained from Cell Signaling Technology (USA). All secondary antibodies (1:5000) were obtained from PTG Company (USA).

2.7. Statistical analysis {#j_med-2018-0061_s_002_s_007}
-------------------------

In this study, SPSS 18.0 statistical software was used to carry out statistical analysis. The experiment was conducted at least three times. Student's *t* test was used to analyze differences between two groups, and differences were considered statistically significant for values of *P*\<0.05.

3. Results {#j_med-2018-0061_s_003}
==========

3.1. MDA-19 inhibits melanoma cells in a dose-dependent manner {#j_med-2018-0061_s_003_s_001}
--------------------------------------------------------------

In order to identify whether MDA-19 affects the cellular functions of melanoma cells, different concentrations of MDA-19 were used to treat melanoma cell lines, M14 and UACC257. Our results showed that MDA-19 had no effect on survival of M14 cells at the concentration lower than 10 μM. At the concentration of 20 μM or higher, MDA-19 had a significant inhibitory effect on the viability of M14 cells in a dose-dependent manner ([Figure 1A](#j_med-2018-0061_fig_001){ref-type="fig"}). Similar results were also shown in UACC257 cells ([Figure 1B](#j_med-2018-0061_fig_001){ref-type="fig"}). The IC~50~ of MDA-19 was 36.3 μM for M14 cells, and was 24.2 μM for UACC257 cells, and 20 μM or 10 μM of MDA-19 was used to treat M14 and UACC257 cells for the rest experiments, respectively. The results suggested that MDA-19 might have an inhibitory effect on melanoma cells.

![MDA-19 inhibits melanoma cells in a dose-dependent manner. (A) (B) M14 cell (A) and UACC257 cell (B) were treated with different concentrations of MDA-19 for 24h, the absorbance was detected using CCK8 kit. Data are expressed as the mean ± SD. \*P\<0.05, \*\*P\<0.01.](med-13-416-g001){#j_med-2018-0061_fig_001}

3.2. MDA-19 inhibits the viability and proliferation of melanoma cells {#j_med-2018-0061_s_003_s_002}
----------------------------------------------------------------------

To substantiate the inhibition of MDA-19 on the growth of melanoma, CCK8 and colony formation assays were performed after MDA-19 treatment. We found that compared with the NC group, the proliferation rate was significantly decreased in M14 and UACC257 cells which was treated with MDA-19 for 48 h ([Figure 2A](#j_med-2018-0061_fig_002){ref-type="fig"} and [C](#j_med-2018-0061_fig_002){ref-type="fig"}). The inhibitory effects of MDA-19 on the proliferation of M14 and UACC257 cells were still significant with the treatment of 72 h (*P*\<0.05, [Figure 2A](#j_med-2018-0061_fig_002){ref-type="fig"} and [C](#j_med-2018-0061_fig_002){ref-type="fig"}). Moreover, results of colony formation assay showed that MDA-19 treatment significantly reduced the number of colonies compared with the negative control (*P*\<0.05, [Figure 2C](#j_med-2018-0061_fig_002){ref-type="fig"} and [D](#j_med-2018-0061_fig_002){ref-type="fig"}). Above all, these results suggested that MDA-19 treatment could inhibit the viability and proliferation of melanoma cells *in vitro*.

![MDA-19 inhibits the viability and proliferation of melanoma cells in vitro. M14 cells was treated with 20 μM of MDA-19, and UACC257 cells was treated with 10 μM of MDA-19. (A) (B) M14 cell (A) and UACC257 cell (B) were treated with MDA-19 for 0, 24, 48, 72 h, and the absorbance was detected using CCK8 kit. (C) (D) M14 cell (C) and UACC257 cell (D) were treated with MDA-19 for colony formation assay. Data are expressed as the mean ± SD. MDA-19: MDA-19 treated group; NC: DMSO treated group, negative control. \*P\<0.05.](med-13-416-g002){#j_med-2018-0061_fig_002}

3.3. MDA-19 attenuates migration and invasion of melanoma cells {#j_med-2018-0061_s_003_s_003}
---------------------------------------------------------------

To further assess the effect of MDA-19 on the metastasis of melanoma cell, 20μM or 10μM of MDA-19 was used to treat M14 and UACC257 cells, respectively. Transwell assay

revealed that migratory capacity of M14 and UACC257 cells were both significantly decreased by MDA-19 treatment compared to non-treated cells (*P*\<0.05, [Figure 3A](#j_med-2018-0061_fig_003){ref-type="fig"} and [B](#j_med-2018-0061_fig_003){ref-type="fig"}). A significant decrease of invasion capacity was also validated in MDA-19 treated M14 and UACC257 cells by Transwell invasion assay (*P*\<0.05, [Figure 3A](#j_med-2018-0061_fig_003){ref-type="fig"} and [B](#j_med-2018-0061_fig_003){ref-type="fig"}). Thus, it was concluded that treatment of MDA-19 may reduce cell mobility of melanoma.

![MDA-19 attenuates migration and invasion of melanoma cells in vitro. M14 cells was treated with 20 μM of MDA-19, and UACC257 cells was treated with 10 μM of MDA-19. (A) (B) After treatment with MDA-19 for 24h, Transwell assay was performed to examine cell migration capability in M14 cell (A) and UACC257 cell (B). (C) (D) After treatment with MDA-19 for 24h, Transwell assay was performed to examine cell invasion capability in M14 cell (C) and UACC257 cell (D). Data are expressed as the mean ± SD. MDA-19: MDA-19 treated group; NC: DMSO treated group, negative control. \*P\<0.05.](med-13-416-g003){#j_med-2018-0061_fig_003}

3.4. MDA-19 induces apoptosis of melanoma cells {#j_med-2018-0061_s_003_s_004}
-----------------------------------------------

In order to further determine the effect of MDA-19 on cell survival of melanoma, cell apoptosis was examined by using flow cytometry in M14 and UACC257 cells. As shown in [Figure 4A](#j_med-2018-0061_fig_004){ref-type="fig"}, MDA-19 significantly promoted apoptosis in M14 and UACC257 cells compared to non-treated cells (*P*\<0.05).

![MDA-19 induces apoptosis of melanoma cells in vitro. M14 cells was treated with 20 μM of MDA-19, and UACC257 cells was treated with 10 μM of MDA-19. (A) After treatment with MDA-19 for 24h, flow cytometry assay was performed to detect cell apoptosis in M14 cell (upper) and UACC257 cell (below) using Annexin V-FITC- PI apoptosis detection kit. (B) After treatment with MDA-19 for 48h, Western blot was used to examine expression of related proteins in M14 cell (left) and UACC257 cell (right). The results showed that expression of Bcl-2 was decreased by MDA-19, expression of Bax and Caspase3 P17 were significantly up-regulated. Data are expressed as the mean ± SD. MDA-19: MDA-19 treated group; NC: DMSO treated group, negative control. \*P\<0.05.](med-13-416-g004){#j_med-2018-0061_fig_004}

The expression of apoptosis-related proteins were examined by western blot assay to investigate the relevant mechanism of increased apoptosis mediated by MDA-19. As expected, the expression of Bcl-2 (an anti-apoptotic protein) was decreased in MDA-19 treated M14 cells, while the expression of Bax (a pro-apoptotic protein) and Caspase 3 P17 (an apoptotic executioner) were up-regulated by MDA-19 treatment in M14 cells (*P*\<0.05, [Figure 4B](#j_med-2018-0061_fig_004){ref-type="fig"}). Similar results were found in UACC257 cells. Collectively, these data suggested that MDA-19 could promote cell apoptosis by regulating apoptosis-related proteins in melanoma.

3.5. MDA-19 impairs mesenchymal properties of melanoma cells {#j_med-2018-0061_s_003_s_005}
------------------------------------------------------------

EMT is a pivotal mechanism involved in modulating cell migration and invasion. Therefore, various EMT markers were detected to explore the mechanism of the suppression induced by MDA-19. Our data revealed that the expression of E-cad was significantly up-regulated by MDA-19 in M14 and UACC257 cells (*P*\<0.05, [Figure 5A](#j_med-2018-0061_fig_005){ref-type="fig"}). MDA-19 treatment also led to a significant decreased expression of N-cad, Vimentin and Slug in M14 and UACC257 cells (*P*\<0.05, [Figure 5A](#j_med-2018-0061_fig_005){ref-type="fig"}). These results suggested that MDA-19 could impair mesenchymal properties of melanoma cells *in vitro*.

![MDA-19 suppresses EMT process and PI3K/Akt pathway in melanoma cells. M14 cells was treated with 20 μM of MDA-19, and UACC257 cells was treated with 10 μM of MDA-19. After treatment with MDA-19 for 48h, Western blot was used to examine expression of related proteins in M14 cell (left) and UACC257 cell (right). (A) The results showed that expression of E-cad was significantly increased, while expression of N-cad, Vimentin and Slug were decreased by MDA-19. (B) The results showed that MDA-19 reduced phosphorylation levels of Akt (p-Akt), and the expression of the downstream proteins Cyclin D1 and p-P70 were also decreased. Data are expressed as the mean ± SD. MDA-19: MDA-19 treated group; NC: DMSO treated group, negative control. \*P\<0.05.](med-13-416-g005){#j_med-2018-0061_fig_005}

3.6. MDA-19 inactivates PI3K/Akt pathway in melanoma cells {#j_med-2018-0061_s_003_s_006}
----------------------------------------------------------

It is widely held that the phosphatidylinositol-3-kinase/protein kinase B (PI3K/Akt) is involved in tumor cell proliferation, apoptosis, migration and malignant transformation \[[@j_med-2018-0061_ref_018]\]. Herein, PI3K/Akt pathway was examined to explore the relevant mechanism of MDA-19 blocking

proliferation and mobility of M14 and UACC257 cells. We noticed that the phosphorylation levels of Akt (p-Akt) was significantly inhibited by MDA-19 treatment (*P*\<0.05), while the amount of total Akt was not changed both in M14 and UACC257 cells ([Figure 5B](#j_med-2018-0061_fig_005){ref-type="fig"}). The western blot results also demonstrated that the expression of the important proteins Cyclin D1 and p-P70 in the downstream of PI3K/Akt was also reduced accordingly with the treatment of MDA-19 (*P*\<0.05, [Figure 5B](#j_med-2018-0061_fig_005){ref-type="fig"}). In addition, we found that treatment with MDA-19 obviously suppressed the expression of vascular endothelial growth factor (VEGF) (*P*\<0.05, [Figure 5B](#j_med-2018-0061_fig_005){ref-type="fig"}). Taken together, our data indicated that MDA-19 regulates the biological behavior of melanoma cells through interfering with the activation status of PI3K/Akt pathway.

4. Discussion {#j_med-2018-0061_s_004}
=============

Melanoma is one of the most aggressive skin cancers, characterized by locoregional invasiveness and early distant dissemination \[[@j_med-2018-0061_ref_019], [@j_med-2018-0061_ref_020]\]. Therefore, blocking tumor metastasis and invasion is an effective method for the therapy of melanoma. Recent studies have focused on the role of CB receptors in antitumor progression. Above all, we validated that MDA-19, a small-molecule CB2 agonist, had a dose-dependent inhibition for melanoma cells in vitro. Then, the anti-cancer effect of MDA-19 on progression and invasion of melanoma was examined. As expected, MDA-19 significantly inhibited cell viability and proliferation, migration and invasion of melanoma cells M14 and UACC257, and induced their apoptosis, suggesting that MDA-19 plays the role of anti-cancer agent in the progression and motility of melanoma. In addition to MDA-19, other CB receptors agonist have also been reported to exert suppression on tumor growth and metastasis \[[@j_med-2018-0061_ref_012], [@j_med-2018-0061_ref_016], [@j_med-2018-0061_ref_017]\]. Blazquez C et al. reports that THC and WIN-55,212--2, the CB1 and CB2 agonist, obviously inhibit cell proliferation of melanoma cell lines B16 and A375 \[[@j_med-2018-0061_ref_012]\]. In breast cancer, the CB2 synthetic agonist JWH-133 and WIN-55,212--2 also have a similar inhibitory effect on the suppression of cell proliferation and migration \[[@j_med-2018-0061_ref_016]\]. Based on these research, CB agonists might be an effective way for melanoma therapy, and MDA-19 is a useful small molecular anti-cancer agent.

Deregulated apoptosis is one of the hallmarks of tumor cells and regulation of apoptosis is one of the mechanisms for survival of malignant melanoma cells. We found that MDA-19 treatment significantly promoted rate of apoptosis in M14 and UACC257 cells, further study was performed to elucidate the mechanism underlying the elevated apoptosis. Apoptosis involves a series of proteolytic events, which mainly mediated by the important family of cysteine proteases, including the activated caspase-3, a pivotal executioner to trigger apoptosis \[[@j_med-2018-0061_ref_021]\]. The Bcl-2 family plays an essential role in apoptosis induction by triggering the mitochondrial pathway which is one of apoptosis mechanisms \[[@j_med-2018-0061_ref_022], [@j_med-2018-0061_ref_023]\]. Bcl-2 inhibits apoptosis by combining with Bax, and up-regulation of Bcl-2 has been revealed in a variety of tumors, including melanoma. The present study revealed that the expression of Bcl-2 was down-regulated by MDA-19, meanwhile the expression of Bax and Caspase 3 P17 were up-regulated, suggesting that apoptosis promoted by MDA-19 is triggered by the mitochondrial pathway.

EMT is a crucial mechanism to promote tumor cell invasion and metastasis. The reduction of E-cad, a significant marker of epithelial cell, is an effective hallmark of EMT. Reduced E-cad accumulation has been confirmed frequently in melanoma \[[@j_med-2018-0061_ref_020]\]. Apart from this, N-cad, Vimentin and Snail are three mesenchymal markers commonly used to reflect EMT progression \[[@j_med-2018-0061_ref_024]\]. Slug, also known as Snail2, is a member of Snail family and a key transcription factor in EMT progress. Slug plays a role as repressor in E-cad transcription by binding the E-box element in the E-cad promoter \[[@j_med-2018-0061_ref_025], [@j_med-2018-0061_ref_026]\]. Thus, further investigation of EMT markers was carried out in the present study. We observed that MDA-19 could up-regulate the expression of epithelial marker E-cad and down-regulate the expression of mesenchymal markers N-cad, Vimentin and Slug in melanoma cells in vitro, suggesting that MDA-19 is involved in the regulation of the EMT process, and MDA-19 might be a potential small molecule agent that inhibits tumor metastasis.

The relevant mechanism underlying the anit-cancer effects of MDA-19 on growth, metastasis and survival of melanoma cells need to be elucidated. It is demonstrated that PI3K/Akt pathway is a vital pathway function in various tumor cellular processes, including cell proliferation, apoptosis, survival and metastasis \[[@j_med-2018-0061_ref_027], [@j_med-2018-0061_ref_018]\]. Aberrant excessively activated PI3K/Akt pathway is frequently observed in cancers, even in melanoma \[[@j_med-2018-0061_ref_028]\]. There is growing evidence that inhibition of PI3K/Akt pathway achieves anti-tumor activity and improves cell sensitivity to cisplatin and temozolomide \[[@j_med-2018-0061_ref_029], [@j_med-2018-0061_ref_030], [@j_med-2018-0061_ref_031]\], suggesting inhibition of PI3K/Akt pathway is a novel strategy for therapy of melanoma. Hence, further study was focused on the PI3K/Akt pathway, and the effect of MDA-19 on PI3K/Akt pathway was examined in melanoma cells. Our data showed that MDA-19 suppressed PI3K/Akt pathway by inhibiting Akt phosphorylation in melanoma cells. Moreover, the downstream proteins were subsequently down-regulated by MDA-19. Cyclin D1 is a key regulator in cell cycle, its overexpression has been confirmed to be associated with vigorous cell division of tumor cells \[[@j_med-2018-0061_ref_032], [@j_med-2018-0061_ref_033]\]. P70 (p70 ribosomal S6 kinase, p70S6K) possess ribosome protein kinase activity. Activated P70 by mTOR could promote the synthesis of ribosome and other regulatory proteins, mediating cell growth and proliferation. It has been demonstrated that overexpression of P70 could promote tumor cell proliferation and angiogenesis \[[@j_med-2018-0061_ref_034], [@j_med-2018-0061_ref_035]\]. Furthermore, we also found that MDA-19 also led to a significant decrease in the expression of VEGF, a pivotal regulator in tumor angiogenesis at upstream of the PI3K/Akt pathway. Based on these studies, it is the suppression effect of MDA-19 on the PI3K/Akt pathway that contributes to the inhibition on proliferation in melanoma *in vitro*.

Together, the present study underscore MDA-19 as a potential anti-cancer agent for therapy of melanoma through inhibiting the PI3K/Akt pathway.
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